APPLICATION FOR U.S. LETTERS PATENT 



FOR 



FREE RADICAL SCAVENGERS OR PROMOTERS THEREOF 
AS THERAPEUTIC ADJUVANTS IN PRETERM PARTURITION 



Inventors: 



Irina A. Buhimschi 
Carl P. Weiner 



Attorney Docket No.: BUH385-00/01003A 



Daniel S. Hodgins, Reg. No. 31,026 
HEAD, JOHNSON & KACHIGIAN 
204 N. Robinson, Suite 3030 
Oklahoma City, Oklahoma 73102 
Telephone: (405) 236-4000 
facsimile: (405) 236-4010 



Express Mail No.: EL555989588US 
Date Mailed: January 18. 2001 



Express Mail No.: EL555989588US 
Date Mailed: January 18. 2001 

FREE RADICAL SCAVENGERS OR PROMOTERS THEREOF 
AS THERAPEUTIC ADJUVANTS IN PRETERM PARTURITION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 Priority is claimed from provisional application U.S. Serial No. 60/1 76,575 filed on January 

18, 2000, and incorporated by reference herein. 

BACKGROUND 

1. Field of Invention 

10 This invention relates to therapeutic compounds that improve the outcome of preterm 

r* deliveries . More specifically, this invention relates to the usage of compounds that are free radical 
l fn scavengers or that promote the production of free radical scavengers to prevent adverse fetal 
Si outcomes in conditions with high free radical production, preterm deliveries or premature rupture 
Of membranes or even inhibit preterm deliveries. 

2. Description of Related Art 
Clinical Context 

Preterm birth is the major cause of perinatal morbidity and mortality in the world. 
Prematurity is responsible for 75% of infant mortality and 50% of long-term neurological handicaps, 
20 including blindness, deafness, developmental delay, cerebral palsy, and chronic lung disease 
(Berkovitz and Papiernik, 1 993 ; Creasy 1 993). Any treatment that alters the events of preterm birth 
or prevents it could profoundly reduce neonatal mortality and morbidity. Even a relatively brief 
delay in the timing of delivery can have maj or benefit. Survival rates improve by some 2% per day 
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from the 23rd to the 26th week of pregnancy (i.e. from 16% at 23 weeks to 57% at 26 weeks) 
reaching 80% at 28 weeks and over 90% by 30 weeks of gestation (Haywood et al., 1994). Yet, 
there are no agents that prolong pregnancy complicated by preterm labor by more than 48 hours 
compared to placebo. The health care costs from prematurity are enormous. It is estimated that the 
total cost per survivor with a birthweight of less than or equal to 900 g (approximately 27 of 40 
weeks) in the US exceeds his or her's total average life-time earnings. Over 4 billion dollars (35% 
of health care costs for all infants) is spent for the care of low-birth-weight infants (lams, 1995). 

The cause of most preterm births is unknown (Bernstein et al., 1998). Current evidence 
suggests the etiology is multifactorial with a fetal inflammatory syndrome contributing to a large 
proportion. Both intrauterine (chorioamnionitis) and systemic infections are proposed as important 
causes of preterm labor (Romero et al., 1990). Systemic maternal infections such as pyelonephritis, 
pneumonia, syphilis and malaria, for example, are all associated with preterm labor and preterm birth 
(Gibbs et al., 1992). Colonization of the lower genital tract with a variety of microorganisms may 
lead to ascending intrauterine infection that in turn results in preterm labor. Microbial invasion of 
the amniotic cavity occurs in 10% of the patients with preterm labor and intact membranes (Romero 
et al., 1990) and in 38% of the patients with preterm premature rupture of membranes (PPROM) 
(Romero et al., 1990). Molecular biologic techniques such as PCR, which is more sensitive than 
culture, detect bacteria in 60% of the pregnancies complicated with preterm labor (Markenson et al., 
1997). Infection-related preterm labor likely involves the release of inflammatory cytokines host 
defense mechanisms in response to bacterial products (i.e. lipopolysaccharide: LPS). It is believed 
that the pro-inflammatory cytokines (IL-1 , TNFcc, IL-8 etc.) stimulate the production of uterotonins 
(agents that cause uterine contractions), such as prostaglandins, leukotrienes and oxytocin, by the 
decidua and fetal membranes, eventually leading to the onset of labor. The cytokines may also 
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trigger local mechanisms of cervical ripening and maturation of fetal membranes, that requires the 
recruitment of inflammatory cells, the release of metalloproteinases (MMPs), and finally the 
degradation of the extracellular matrix, leading to effacement and dilatation of the uterine cervix or 
to the rupture of fetal membranes (Romero et al., 1988). 

Recently, it was suggested that the levels of IL-6, a pro-inflammatory cytokine, in the fetal 
circulation correlate strongly with poor neonatal outcome (Gomez et al., 1998). This correlation 
suggests that at least some neonatal complications are not caused by prematurity per se but are the 
effect of a fetal inflammatory syndrome. In other words, the stimulus for preterm birth may also 
directly or indirectly adversely affect the fetus probably through maternal or fetal adaptive responses 
that may become maladaptive (such as excessive inflammation). This hypothesis is supported by 
the observation that the neonatal mortality rate is increased in the presence of chorioamnionitis when 
adjusted for gestational age at delivery (Seo et al, 1992). Furthermore, neonatal morbidity is also 
significantly increased in the presence of chorioamnionitis. An increased number of inflammatory 
cells are described in the lungs of infants born to mothers with chorioamnionitis and the resulting 
pneumonitis lesion is considered a contributor to the increased chronic lung diseases so highly 
prevalent in these infants (Grigg et al., 1993; Waterberg et al., 1996). Even long-term handicaps 
such as cerebral palsy are significantly associated with intrauterine infection when controlled for 
gestational age (Murphy et al., 1995). 

Ultrasonographically detectable neonatal brain white matter lesions are the most important 
prospectively identifiable risk factor for cerebral palsy, defined as sustained neurologic disability 
with aberrant control of movement and posture appearing early in life. The presence of these lesions 
are significantly correlated with the level of inflammatory cytokines in amniotic fluid (Yoon et al., 
1997a) and in the brain at post-mortem, the periventricular leukomalacia lesions where examined 
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immunohistochemically for the presence of IL-ip, IL-6 and TNFoc (Yoon et al, 1997b). However, 
antagonists of IL- 1 P or TNFa where not sufficient in preventing either preterm birth or fetal lethality 
in an endotoxin-injected mouse model suggesting that these cytokines may be only an associated 
marker of the mounted inflammatory response (Fidel et al, 1997). 

Pathophysiological Significance of the Oxidant / Antioxidant Balance 

Oxygen (0 2 ) is paramagnetic in the ground state and contains two unpaired electrons whose 
spins are parallel. This results in a spin restriction that hinders the insertion of pairs of electrons and 
favors a univalent reduction (Taube, 1965). The univalent reduction of dioxygen to water involves 
the formation of partially reduced intermediates, (reactive oxygen species; ROS) such as superoxide 
radical-anion (O/), hydrogen peroxide (H 2 0 2 ), and the hydroxyl radical (0H-). These partially 
reduced intermediates are very reactive and are the cause of oxygen toxicity and mutagenicity 
(Moody et al, 1982). Most living organisms have evolved well-integrated antioxidant defense 
mechanisms (scavengers) that include superoxide dismutases (SOD), catalase, glutathione 
peroxidases, reduced glutathione (GSH), P-carotene, and vitamins C (ascorbic acid) and E. Under 
normal respiration, a small but significant amount (1-5%) of the total oxygen consumed is reduced 
via the univalent pathway. Thus, ROS are normal products of the biological reduction of oxygen 
and their steady-state concentration is kept low by the above noted scavengers. There could be, 
however, another evolutionary reason for ROS formation: signal transduction (Storz et al., 1990). 
Most sources of ROS involved in signal transduction seem to initially generate 0 2 \ with hydrogen 
peroxide (H 2 0 2 ) being formed as a result of dismutation of 0 2 ~. 
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^ Modulation of Cytokine Production 

Several lines of evidence demonstrate that the inflammatory response (as reflected in the 
cytokine levels) to bacteria or bacterial products (e.g. LPS) is dependent on the oxidant/antioxidant 
balance. An increase in pro-oxidants or a decrease in antioxidants would alter the redox balance with 
similar cellular outcomes. The involvement of oxidants in cytokine production is suggested by a 
study where H 2 0 2 stimulated IL-8 release dose-dependently in human whole blood (DeForge et al, 
1992). Significantly, oxidant scavengers inhibited the LPS-stimulated release of IL-8 (DeForge et 
al., 1992). The production of TNFa is also regulated by redox-dependent mechanisms since 
treatment of endotoxemic mice and dogs with the antioxidant N-acetylcysteine (NAC) reduces TNFa 
activity (Peristeris et al, 1992; Zang et al., 1994). Conversely, glutathione depletion with buthinone 
sulphoximine (BSO, an inhibitor of glutathione synthesis) exacerbates ROS induced-cell injury 
(Yang et al., 1995; Wakulich and Tepperman, 1997). This effect is not limited to glutathione- 
modulating agents because spin traps (which are chemical compounds that directly "trap" and 
thereby inactivate different classes of ROS) significantly reduce mortality when administrated in a 
murine endotoxic shock model 30 minutes before and 120 minutes after endotoxin (French et al., 
1994). 

h^ Im plications of ROS/NO Interaction for Preterm Birth 

Another possibility for ROS to act as signal transducers is indirectly by modifying the 
bioavailability of another free radical, nitric oxide (NO) (Gryglewski et al, 1986). NO is an 
endogenously synthesized free radical produced by a variety of mammalian cells including neurons, 
smooth muscle cells, macrophages, neutrophils, platelets and others (reviewed by Nathan, 1992). 
Several groups report that a NO-cyclic guanosine monophosphate (cGMP) pathway exists in the rat 
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(Yallampalli et al, 1992), rabbit (Sladek et al, 1993), guinea pig (Weiner et al., 1994) and human 
myometrium (Buhimschi et al., 1995). In all these species, the NO system is upregulated during 
pregnancy in either the myometrium or placenta (Yallampalli etal, 1992; Sladek etal.; 1993; Weiner 
etal., 1994; Buhimschi etal, 1995). This suggests to some that NO generation during gestation may 
contribute to the maintenance of uterine quiescence during pregnancy while its withdrawal prior to 
term may trigger parturition. A reversal of this scenario occurs in the cervix where the high NO 
output and inducible NO synthase expression occurs during rat labor suggesting a role for NO in the 
process of collagenolysis associated with cervical ripening (BuMmschi et al., 1996). 

Several missing links emerge from the above sequence of events. How can increased NO 
produced in the uterus have such a dramatically different effect than NO produced in the cervix? 
Why do endotoxin-injected animals deliver prematurely despite a high nitric oxide production? 
(Buhimschi et al., 1996). One possible explanation is that the action of NO is modified by the 
oxidant/antioxidant balance as the coinciding spatial and temporal formation of high superoxide 
(O/) and NO amounts results in peroxynitrite (Huie et al., 1993), a powerful long-acting non- 
radical oxidant that oxidizes a number of biomolecules, including membrane phospholipids, sulfides, 
thiols, deoxyribose, as well as ascorbate and inhibits mitochondrial electron transport (Beckman and 
Crow, 1993). Peroxynitrite can also nitrate free or protein-associated tyrosine to generate 
nitrotyrosine (Ischiropoulos et al., 1992), which is considered as a marker for peroxynitrite action. 
The rate constant for the reaction generating peroxynitrite (i.e. the probability for the reaction to 
occur) is higher in systems that produce both NO and O/than those for the reactions between 0 2 " 
and SOD or NO and heme compounds (one of the clearance mechanisms of NO) (Pryor and 
Sqadrito, 1 995) . The possibility that under certain conditions the interaction between NO and ROS 
changes the effect of the free radical alone might explain the difference in the effects of a high NO 
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output in the uterus (physiologically generated by non-inflammatory uterine cells during gestation) 
versus a high output of NO in the cervix (physiologically generated by inflammatory cells during 
ripening). Cervical softening may therefore be an example of a physiological spatially contained 
inflammatory reaction resulting in collagenolysis and tissue remodeling. It is well known that during 
the process of cervical softening the cervix becomes infiltrated with polymorphonuclear leukocytes 
(Junquiera et al., 1980). However, inflammatory cells produce large amounts of ROS (McCord et 
al., 1980) and of NO (MacMicking et al., 1997) and therefore peroxynitrite "provisionally". In 
contrast the NO generating cells from the uterus during pregnancy produce only minimal 0 2 ~ and 
mostly by the endogenous xanthine oxidase activity (Telfer et al., 1997). In intrauterine infection 
or chorioamnionitis, an NO-ROS interaction can also occur in the uterus and by analogy, divert NO 
from its physiological role towards peroxynitrite, that in turn may contribute to the spread of a 
process ending in preterm delivery and poor fetal outcome. 



c> Modulation of Matrix-Metal loprotease Activity bv ROS 

Matrix metalloproteases are a family of endopeptidases that collectively cleave most if not 
all the constituents of the extracellular matrix. Major members of this family are interstitial 
collagenase (MMP-1), 72-kDa type IV collagenase (MMP-2, 72-kDa gelatinase), stromelysin 
(MMP-3) and 92-kDa type IV collagenase (MMP-9, 92-kDa gelatinase). These enzymes are 
secreted into the intercellular compartment as proMMPs and require an activating agent to cleave 
apropeptide sequence and/or perturb their conformation. Autocatalytic processes, with furtherpro- 
peptide sequence cleavage, result in the fully active enzyme (reviewed by Brikedal Hansen et al., 
1993). 
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Several MMPs (MMP-1, MMP-2, MMP-3, and MMP-9) are expressed in fetal membranes 
(Fortunato et al., 1997; Parry and Strauss, 1998). Increased MMP-9 activity in amniotic fluid 
(Athayde et al., 1998), human fetal membranes (Fortunato et al., 1997) and human plasma (Osmers 
et al., 1994) is reported during spontaneous labor at term. However, recent data suggest that preterm 
labor and preterm premature rupture of membranes are both associated with further elevated activity 
of MMP-9 in amniotic fluid (Athayde et al., 1998) and amnio-chorionic membranes (Fortunato et 
al., 1 997). Modulation of matrix-metalloprotease activity by ROS may be relevant for preterm births 
that present initially with preterm premature rupture of membranes (PPROM). Significantly, these 
infants have a higher incidence of neonatal mortality and morbidity. In addition, the majority of 
infants with long term sequelae have documented PPROM before 24 weeks of gestation (Fanarroff 
etal., 1995). 

MMP (particularly MMP-9) activation is a general feature of several inflammatory processes 
characterized by high cytokine output such as periodontal disease, rheumatoid arthritis and asthmatic 
airway inflammation (reviewed by Brikedal Hansen et al., 1 993). Furthermore, the results of several 
in vitro experiments in culture conditions reveal a causative relationship between multiple cytokines 
(IL-1, IL-6, IL-8, TNFa; lipopolysaccharide: LPS) and both MMP-9 expression and activity 
(Fortunato et al, 1997; Esteve at al., 1998; Gottschall et al., 1995). In addition, modulation of the 
reduction/oxidation state of the environment alters MMP activity directly as well as the magnitude 
of the response induced by cytokines. Specifically, an increase in pro-oxidants or a decrease in 
antioxidants (i.e., altering the redox balance) increases MMP activity. Human heart fibroblasts are 
redox sensitive and under oxidative conditions are activated to concurrently express metalloproteases 
and TIMPs (Tyagi et al., 1996). Further, thiol (reduced glutathione and NAC) but not non-thiol 
reducing agents inhibit MMP activation and increase tissue inhibitors of MMPs expression in 
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transformed cells. Incubation of cultured human vascular smooth muscle cells with a superoxide- 
generating mixture increases the amount of active MMPs, while NO donors have no noticeable effect 
(Rajagopalan et al., 1996). In cultured cartilage, antioxidants such as N-acetyl cysteine (NAC) and 
glutathione inhibit the chondrolytic activity of fibronectin fragments (Homandberg et al., 1996) that 
act through catabolic cytokine action mediated by IL-1 , IL-6 and TNFa (Rathakrishnan et al, 1992). 
Endotoxin (LPS) activates MMP-9 in cultured microglia (Gottschall et al., 1995) and MMP-2 in 
cultured rat mesangial cells (Trachtman et al., 1996) and both IL-1 and TNFa reportedly operate at 
least partially through ROS (Rathakrishnan et al., 1992; Tiku et al., 1990), 

It has also been shown that the fetal inflammatory response syndrome noted above is 
characterized by an outpouring of extracellular MMP-9 into the fetal circulation (Romero et al., 
1 998). High levels of MMP-9 are also found in the cerebral spinal fluid of patients with neurologic 
spastic diseases (Valenzuela et al, 1999) suggesting that MMP-9 may be a pathogenetical cause in 
the neural tissue remodeling described in infants with cerebral palsy. 

Because of the known association between infection and preterm labor antibiotics are now 
proposed both as prophylaxis and treatment of preterm labor and delivery (Gibbs et al., 1 997). Yet, 
antibiotics only prevent the release of new cytokines in addition to the microbial cytokine outpouring 
that occurs from microorganism killing. Said differently, antibiotics alone cannot reduce or inhibit 
the inflammatory process already underway. 

Tocolytic drugs, which presently are the standard tool for the treatment of preterm labor 
despite their demonstrated inability to delay labor more than 48 hours (Higby et al., 1993), could 
actually have unintended adverse effects by prolonging the fetal exposure to an unfavorable 
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environment and increase the probability of irreversible tissue damage and subsequently increased 
mortality or morbidity later in life. 

Despite all the afore noted knowledge, no compounds have been put forth as therapeutic 
agents that address inflammation as a cause of preterm birth the fetal inflammatory process, 
5 PPROM, and adverse fetal outcomes. 

d^l Oxidative Stress: A Converging Point for Factors Causing Preterm Labor and Fetal 
Morbidity. 

There are conditions other than infection and inflammation that stimulate oxidative stress 
1 ! 2 during pregnancy. Cocaine, smoking and alcohol consumption are each well known for this 
m property, although the nature of, and the biochemical pathways by which free radicals are generated 
if in vivo differ. We believe that therapeutic agents as NAC or other antioxidants and ROS scavengers 
OH are beneficial in such instances. 

!-? Cocaine use is associated with intrauterine growth restriction, stillbirth, placental abruption 

|1 and congenital malformations (limb reductions). The incidence of preterm labor ranges in cocaine 
si users from 20 to 50% (Little et al., 1989; Feldman et al., 1992). The placental abruptions and 
cerebral infarcts found in neonates exposed to cocaine in utero are attributed to the vasoactive effect 
of cocaine, which inhibits the uptake of catecholamines and serotonin by nerve endings. The net 
result is vasoconstriction and an ischemic-reperfusion injury. (Chasnoff et al., 1985). Animal studies 
20 confirm that the teratogenic effect of cocaine is secondary to vasoconstriction and local hemorrhage. 
(Webster and Brown- Woodman, 1990). In addition, cocaine increases the placental thromboxane 
to prostacyclin ratio. (Monga et al.,1994). As noted previously, the first oxygen free radical 
generated by an ischemic-reperfusion injury is 0 2 " produced via the activation of xanthine oxidase 
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in the oxygen-deprived tissue. This is followed by mitochondrial leakage and lastly inflammatory 
cell recruitment in the area of necrosis. Alternatively, cocaine produces excess free radical 
metabolites during its metabolism in the hepatic microsomes, a possibility that could explain the 
hepatotoxicity of cocaine (Boelsteri et al., 1992). Cocaine also affects the fetus through maternal 
injury since vascular disruptions and free radical injury does not occur in embryos co-cultured with 
cocaine, and the maternal administration of a specific antioxidant inhibits lipid peroxidation by 
cocaine (Zimmerman et al., 1994). Rat fetuses exposed to cocaine display accelerated lung 
maturation unparalleled by an induction of antioxidant enzymes (Sosenko, 1993). These studies 
suggest that cocaine use results in oxidative stress with profound fetal consequences. In addition to 
the genesis of oxidative stress, acute cocaine exposure increases myometrial contractile activity 
(Monga et al., 1993a; Monga et al 1993b) by increasing intracellular calcium (Formin et al., 1999) 
yet another mechanism that may contribute to preterm delivery. 

Ethanol consumption during pregnancy is associated with preterm labor in addition to its 
well-publicized fetotoxic effects. The fetal toxicity of ethanol is polymorphic. The described fetal 
alcohol syndrome includes pre- and postnatal growth disturbance, mental retardation, heart defects, 
limb defects and a characteristic facial anomaly. (Jones et al., 1973). It is the most commonly 
identified cause of mental retardation. A significantly increased risk of white matter brain damage 
is also reported (Holzman, 1995). The underlying mechanism remains largely unknown. In 
susceptible strains of inbred mice, ethanol produces preterm labor by initiating a cascade of events 
similar to endotoxin (Salo et al., 1996; Cook et al., 2000). The biochemical alterations induced by 
ethanol include delayed cell replication, altered membrane fluidity and transport mechanisms that 
have been linked to oxidative stress-induced membrane damage (Henderson et al., 1999; Kourie, 
1998). 
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There is abundant literature on ethanol-induced free radical formation. These studies confirm 
that hepatic macrophage NADPH oxidase is the primordial source of 0 2 ~ radicals and H 2 0 2 , and that 
their levels can be reduced by antioxidant treatment (Nanasumrit et al., 2000). These reactive 
oxygen intermediates subsequently lead to the formation of 1 -hydroxy ethyl radicals. Knockout mice 
lacking NADPH oxidase are resistant to ethanol-induced 1 -hydroxy ethyl radicals formation and 
hepatic injury (Kono et al., 2000). 

Cigarette smoking during pregnancy is another risk factor for preterm delivery. A recent 
meta-analysis restricted to prospective studies revealed a 1.27 pooled odds ratio (95% confidence 
interval, 1.21-1.33) with a dose response relationship at low to moderate levels of smoking (Shah 
and Bracken, 2000). Another recent study suggested that multiparous women have an even higher 
risk (Kolas et al, 2000). 

One of the mechanisms by which smoking induces DNA damage and lung cancer is via HO 
radical-mediated mutagenesis (Pourcelot et al., 1999). Of particular interest is the observation that 
hypoxia produced by smoking triggers the up-regulation of a circulating antioxidant (reduced glutathione) 
and vasodilator mechanisms. For example, chronic and acute smoking results in a high production of 
cyclic guanosine monophosphate (cGMP: a vasodilating second messenger of NO) in both urine 
(Markovitz et al., 1997) and plasma (Dupuy et al., 1995). The level of reduced glutathione in 
erythrocytes is 3 5 % higher in pregnant women who smoked compared to non-smokers (Laskowska-Klita 
et al, 1999). Although maternal smoking is associated with higher risk of preterm delivery and a net 
detrimental effect on pregnancy outcome, these compensatory mechanisms may contribute to the 
observation that smokers have a lower risk of preeclampsia (Zhang et al., 1999) a disorder where 
vasoconstriction, hypoxia and possibly decreased endothelial cGMP production are part of the 
pathophysiologic process. 
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Sickle cell anemia, thalassemia and glucose-6-phosphate-dehydrogenase deficiency are all 
hereditary anemic disorders with higher potential for oxidative damage due to chronic redox imbalance 
in red cells (lower reduced GSH) that often results in clinical manifestation of mild to serve hemolysis 
in patients with these disorders (Chan et al., 1 999) . Women with these hereditary anemic disorders have 
a higher risk of preterm delivery and poor neonatal outcome (Seoud et al., 1994). It has been observed 
that NAC has the ability to cause a significant diminishment of sickle cell formation in vitro while other 
antioxidants had no effect (Xunda et al, 1998; Shartava et al., 1999). 

Preeclampsia, a syndrome unique to primates and defined by the triad of hypertension, proteinuria 
and pathological edema during pregnancy had been associated with oxidative stress affecting maternal 
endothelium. In support of this conclusion, a recent, randomized trial of women at risk for preeclampsia 
concluded that supplementation with vitamins E and C was effective in preventing occurrence of early 
markers or symptoms of preeclampsia. The present inventors propose that NAC alone or in combination 
with other antioxidants to will increase the therapeutic efficacy in preeclampsia. 

The present inventors and others have previously reported the chronic competitive inhibition of 
NO synthesis with L-arginine analogues (NG-nitro-L-arginine methyl ester: L-NAME) can cause 
hypertension, proteinuria and fetal growth restriction in rats without affecting gestational length if 
pregnant (Baylis et al., 1992; Yallampalli and Garfield 1993; Molnar et al., 1994). Glomerular damage 
and histopathological changes in the placental bed similar to human preeclampsia are suggested (Osawa, 
1996). The increased blood pressure and fetal growth restriction are reversed by simultaneous infusion 
of L-arginine but not D-arginine (not a substrate for NOS) (Buhimschi et al., 1995; Liao et al, 1996) The 
fetuses from L-NAME treated rats frequently exhibit distal limb necrosis (Dicket et al, 1994)/ A recent 
study suggests that chronic NO inhibition promotes a state of oxidative stress with HO-mediated DNA 
damage (Tsukahara et al., 2000). Recent findings from our group reveal that some colonies of rats are 

1 3 DSHVBUH385\01003Aapp 



refractory to NO inhibition and the symptoms of preeclampsia do not occur despite continuous L-NAME 
infusion throughout pregnancy (Buhimschi et al, in press). This strongly suggests that the extent of 
clinical manifestations in preeclampsia may reflect the interaction of a multitude of antioxidant and 
vasodilatory mechanisms that can compensate for one another to some extent. 

SUMMARY OF THE INVENTION 
It is a goal of this invention to prevent ROS formation by administering compounds to pregnant 
women and/or their fetuses either at great risk of or in preterm labor. It is a goal of this invention that 
preterm birth be inhibited by preventing ROS formation either alone or in combination with tocolytics 
and/or antibiotics. It is a further goal of this invention that by preventing the formation of ROS, the 
outcome of preterm deliveries that do occur and the outcome of fetuses that progressed to term will 
improve. By prevention of ROS formation is meant either the literal inhibition of ROS formation or the 
efficient removal of any ROS found. 

It is also a goal of this invention to use compounds that prevent or inhibit ROS formation. It is 
another goal of this invention to administer compounds that prevent or inhibit ROS formation. It is 
another goal of this invention to use the ROS-inhibiting compounds to stop the subsequent adverse effects 
of cytokines and MMPs, an indirect affect of ROS. 

It is another goal of this invention to administer glutathione to prevent ROS formation. It is a 
further goal to administer glutathione precursors to inhibit ROS formation. It is a further goal to 
administer agents that stimulate the production of glutathione to prevent ROS formation. 

It is another goal of this invention to administer anti-oxidants to prevent ROS formation. It is a 
further goal to administer anti-oxidant precursors to inhibit ROS formation or concentration enhancement. 
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It is a further goal to administer agents that stimulate the production of anti-oxidants to prevent ROS 
formation. 

It is another goal of this invention to administer spin trapping compounds to prevent ROS 
formation. It is a further goal to administer spin trapping compound precursors to inhibit ROS formation. 
It is a further goal to administer agents which stimulate the production of spin trapping compounds to 

prevent ROS formation. 

It is a goal of this invention to prevent PPROM by the administration of compounds that prevent 
or inhibit ROS formation. It is a further goal to administer anti-oxidants, glutathione, glutathione 
precursors, and/or spin trapping compounds, to prevent PPROM. It is a further goal to administer anti- 
oxidants, glutathione, glutathione precursors, and/or spin trapping compounds, in combination with 
tocolytics and/or antibiotics, to prevent PPROM. 

It is a goal of this invention to prevent preterm birth by the administration of compounds that 
prevent or inhibit ROS formation. It is a further goal to administer anti-oxidants, glutathione, glutathione 
precursors, and/or spin trapping compounds, to prevent preterm birth. It is a further goal to adniinister 
anti-oxidants, glutathione, glutathione precursors, and/or spin trapping compounds, in combination with 
tocolytics and/or antibiotics, to prevent preterm birth. 

It is a goal of this invention to prevent adverse fetal outcomes by the administration of 
compounds that prevent or inhibit ROS formation or concentration buildup. It is a further goal to 
administer anti-oxidants, glutathione, glutathione precursors, and/or spin trapping compounds, to prevent 
adverse fetal outcomes. It is a further goal to administer anti-oxidants, glutathione, glutathione 
precursors, and/or spin trapping compounds, in combination with tocolytics and/or antibiotics, to prevent 
adverse fetal outcomes. 
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It is a goal of this invention to prevent adverse outcomes of preterm deliveries by the inhibiting 
the affects of cytokines and MMPs. It is a goal of this invention to prevent adverse outcomes of PPROM 
by the inhibiting the affects of cytokines and MMPs. 

It is a goal of this invention to prevent adverse fetal, neonatal and or maternal outcomes by the 
administration of compounds that prevent or inhibit ROS. The adverse fetal outcome may be the 
consequence of maternal drug (cocaine or ethanol) exposure, smoking asphyxia, hemolytic anemia, sepsis 
and other conditions associated with increased ROS production in the mother or fetus. 

It is a goal of this invention to administer NAC or glutathione, glutathione precursors, and/or spin 
trapping compounds to women with preeclampsia. It is a goal of this invention to administer NAC or 
glutathione, glutathione precursors, and/or spin trapping compounds to women with preeclampsia in 
combination with other antioxidants. 

An important aspect of the present invention is an improved therapy to prevent premature labor 
or to improve the outcome of premature labor in a pregnant animal. This therapy comprises the 
administration of a free radical scavenger or precursor thereto in an effective amount to a pregnant animal. 
In some cases, the material may be given directly to a fetus to ensure proper development at that point. 
This improved therapy may also include the administration of an antibacterial agent, a tocolytic agent or 
other agent commonly used to help assure a patient's health. In some cases, an agent may be used in the 
therapy of the present invention that induces the production of endogenous free radical scavengers to a 
pregnant animal. Commonly induced free radical scavenger would be glutathione. N-acetylcysteine 
(NAC) are preferred free radical scavengers, the latter being the most particularly preferred. It is 
understood that the free radical scavenger of the present invention is an antioxidant. Such free radical 
scavengers can be the commonly used spin trapping compound's. 
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Thus, the present invention involves preventing premature labor, as well as, preventing the 
premature rupture of membranes in a pregnant animal. Both of these involve administration of or 
induction of a free radical scavenger in an animal. The procedures for preventing premature membrane 
rupture in a pregnant animal are analogous to those preventing premature labor. The route of addition 
of the free radical scavenger may vary. In particular cases where the fetus is being treated in may be 
inrraamniotic. Effective amounts of the agent of the present invention are those amounts that in fact 
decrease ambient reactive oxygen species and in some cases nitric oxide as well. In certain cases, reactive 
oxygen species and nitric oxide interact to have professionally an actual negative effects on membranes 
and other components of an animal. In addition to free radical scavengers glutathione, and NAC, beta 
carotene, vitamin C and vitamin E are effective as well. In some cases, an agent may be used that is a 
precursor of a free radical scavenger, but is in fact a spin trapping compound itself. In certain cases, 
endogenous inhibitors of ROS can be superoxide dismutase, catalase, glutathione peroxidase. The 
induction of these enzymes can be beneficial. As far as improving the outcome of preterm deliveries, the 
pregnant animal or the fetus of that pregnant animal may be treated with the free radical scavengers of 
the present invention. Although humans are the primary subject of the present invention, it is understood 
that in certain cases various animals such as monkeys, cows, sheep, chickens, horses, dogs, cats and 
elephants may also be subjected to this improved therapy. While in most instances the animal being 
treated, according to the present invention, be a mammal, it is conceivable that certain reptiles and 
amphibians may be conceivably involved. In an important aspect, the animal being subjected to the 
therapy of the present invention is a high risk patient selected, for example, from the group consisting of 
patients with a history of preterm labor, patients with preterm labor, cocaine users, preeclamptic patients 
and patients with PPROM. In the method and therapy of the present invention, an effective amount of 
the reactive oxygen scavenger is an amount lessening significantly the level of reactive oxygen species 
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in the patient, particularly at crucial or selected sites in the patient. This amount may vary, but in the case 
of NAC may be, judging from other regimens that have been used, 600 mg twice daily which may be 
consumed as a liquid mixture. It may be intravenously administered as a 1 0% NAC solution in common 
intravenous vehicles. This may include 3% procysteine admmistered at 0.4 mmol/kg of bodyweight. 
Direct administration to the fetus itself may be through the amniotic fluid or even through the umbilical 
cord. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A illustrates a representative inverted substrate gel electrophoresis (gelatin zymography) 
obtained with medium from human full thickness fetal membranes from patients that delivered at term 
via an elective C-section were incubated in phosphate buffered saline alone (CRL) or in the presence of 
xanthine (X: 2mM), superoxide dismutase (SOD: 500U/ml), xanthine and xanthine oxidase (X+XO: a 
source of superoxide-), X+XO+SOD. Recombinant MMP-2 and MMP-9 (MMP+) are run in the right 
lane. The upper and lower bands correspond to gelatinolytic activities of MMP9 (gelatinase B: 92 kDa) 
and MMP2 (gelatinase A: 72 kDa), respectively. 

Figure 1 B is a graph showing the quantification of amniochorionic MMP-2 (hashed bars) from 
7 different patients. 

Figure 1 C is a graph showing the quantification of amniochorionic MMP9 (stippled bars) activity 
from 7 different patients. Data is normalized against the dry weight of the tissue incubated, presented as 
percent from CRL (mean+SEM) and analyzed by one-way ANOV A with multiple post-hoc Tukey tests. 
For each graph of Figures IB and 1C , the means with at least one common superscript are not different 
at a value of p>0.05. 
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Figure 2A illustrates inverted substrate gel electrophoresis (gelatin zymography) obtained with 
the incubation medium from two different patients (A and B) using full thickness fetal membranes from 
patients that delivered at term via elective an C-section were incubated in phosphate buffered saline alone 
(CRL) or in the presence of N-acetylcysteine (NAC: 0.1-lOmM), lipopolysaccharide (LPS: lOOnM), 
LPS+NAC. Recombinant MMP-2 and MMP-9 (MMP+) are run in the right lane. The upper and lower 
bands correspond to gelatinolytic activities of MMP9 (gelatinase B: 92 kDa) and MMP2 (gelatinase A: 
72 kDa), respectively. 

Figure 2B is a graph showing the quantification of amniochorionic MMP-2 (hashed bars) from 
5 different patients. 

Figure 2C is a graph showing the quantification of amniochorionic MMP9 (stippled bars) activity 
from 5 different patients. Data is normalized against the dry weight of the tissue incubated, presented as 
percent from CRL (mean+SEM) and analyzed by one-way ANOVA with multiple post-hoc Tukey tests. 
For each graph of Figures 2B and 2C, the means with different superscripts are different at a value of 
pX).05. 

Figure 3 A illustrates the macroscopic aspect of fetal membranes incubated for 3 hours in Krebs 
buffer containing ImM nitroblue tetrazolium (CRL) and in the presence of in the presence of xanthine 
(X: 2mM), xanthine andxanthine oxidase (X+XO: a source of 02Y-), X+XO with superoxide dismutase 
(500U/ml), X+XO+SOD, E coli lipopolysaccharide (LPS: 100 nM), N-acetylcysteine (NAC: lOmM), 
LPS+NAC. The dark areas of discoloration (originally purple) of the tissue is due to the formation of 
intracellular or both intra and extracellular formazan precipitates (X+XO). 

Figure 3B illustrates the microscopic aspect of the fetal membranes incubated with X+XO with 
formazan deposits in choriodecidua. Original magnification: 300x. 
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Figure 4A is a graph showing the percent of mice that went into labor as a function of time 
(hours) after LPS or sham injection. C57B16 inbred mice were injected ip with 10umg/kg LPS. Control 
mice (CRL) were inj ected with saline. Forty-five min. before and 2 hours after the LPS or saline inj ection 
mice received po lmg/kg N-acetylcysteine (NAC) or 0.3 ml vehicle. The numbers of animals in each 
group are: n=12 (CRL), n=13 (LPS), n=8 (NAC) and n=12 (LPS/NAC). 

Figure4B is a graph showing latency (mean + SEM of the time in hours from LPS injection until 
delivery) in mice that were injected with endotoxin (LPS) and treated with N-acetylcysteine (LPS/NAC; 
n=12) or vehicle (LPS; n=12). Controlmice were injected with 0.1 ml saline and given po vehicle (CRL; 
n=l 2) or N-acetylcysteine (NAC; n=7). The mean marked with asterisk is statistically different from CRL 
at a value of pO.Ol (One Way ANOVA followed by post-hoc comparisons using Student-Neuman- 
Keuls tests). 

Figure 5 A is a graph showing the fetal viability from C57B16 mice after hysterotomy at 1 6 h after 
LPS or saline injection. 

Figure 5B is a graph showing the fetal viability from C57B16 mice immediately after the pup 
was expelled from the vagina. The stippled part of the bars represents the percent of dead pups. The 
hashed part of the bar represents the percent pups alive at examination. The fraction on the top of the bars 
depicts the total number of dead / number of fetuses alive counted in a group. The number of mothers 
analyzed were: n=12 (CRL), n=13 (LPS), n=8 (NAC) and n=12 (LPS/NAC). 

Figure 6A is a graph showing the total glutathione content (umg/mg protein) in the liver of 
mothers from animals that were treated in vivo as described herein. 

Figure 6B is a graph showing the total glutathione content (umg/mg protein) in the liver of fetuses 
from animals that were treated in vivo as described herein. Animals were sacrificed at 16h after LPS or 
saline injection. The number of animals in each group is shown at the bottom of the bar. The means 
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marked with asterisk are significantly different at a level of p<0.05 (maternal) or p<0.01 (fetal) compared 
to CRL levels. (One Way ANOVA followed by post-hoc comparisons using Student-Neuman-Keuls 
tests). 

Figure 6C is a graph showing the receiver operating curve analysis of fetal outcome (dead or alive 
in utero) at 16h after LPS as a function of maternal hepatic glutathione content. 

Figure 7A is a spectrograph representing EPR spectra of the POBN-hydroxy radical spin adducts 
trapped in the maternal liver at 1 hour after intraperitoneal administration of POBN. 

Figure 7B is a spectrograph representing the POBN-hydroxyl radical spin adducts trapped by the 
amount of POBN that accumulated in the fetus within 1 hour after maternal i. p. administration of POBN. 

Figure 7C is a spectrograph representing the POBN-hydroxyl radical spin adducts trapped by the 
amount of POBN that accumulated in the fetus within 6 hours after maternal i. p. administration of 
POBN. 

DETAILED DESCRIPTION OF THE INVENTION 
Patients likely to benefit from the present invention are identified as either high risk or having an 
acute problem. High risk patients include but are not limited to: cocaine users, preeclamptic patients, 
patients with preterm labor, a history of preterm labor, or PPROM.. Fetuses with intrauterine growth 
restriction are likely to benefit. Acute problems include intrapartum hypoxia. 

Possible routes of administration for free radical scavengers and other agents of the present 
invention are: to a mother - include oral, iv, sublingual, inhaled, rectal, vaginal, transmucosal, 
transcutaneous, intraamniotic, and to the fetus include intraamniotic or via cordocentesis. 

Preferred dosages for effective amounts of the agent - oral regimen: In women at risk: 600 mg 
twice daily (dose used by Tepel et al., New Engl J Med 2000 for prevention of renal damage). In acute 
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situations the patient will be given a loading dose of 140 mg/kg followed by 70 mg/kg every 3-4 hours 
(the FDA approved protocol for acetaminophen intoxication). The drug can also be administered as a 
5% solution in cola or fruit juice. 

a^ Effect of ROS modulation in vitro on amniochorio nic MMP activity 
iv dosage: 10% N-acetyl cysteine in 5% dextrose or other drugs such as 3% Procysteine (L-2- 
oxothiazolidine-4-carboxylate) administrated at 0.4 mmoles/kg body weight. Drugs are administrated 
over 30 minutes, every 8 hours (from Bernard et al., Chest 1997 - for protective effect against adult 
respiratory distress syndrome). 

Mraamniotic via amniocententesis or ammoinfusion catheter: infused liquid contains 10% 
buffered N-acetyl cysteine, (no reference-just guess. This is an important route of administration to the 
fetus because the fetus swallows the amniotic fluid so it is equivalent to an oral administration to the 
fetus. 

The drug dosage and bioavailability to the mother and the fetus will indicate therapeutic 
effectiveness. Kits or assays are envisioned that may measure, for example, NAC (or thiols - not only 
NAC) in maternal uterine, amniotic fluid, maternal or neonatal blood at delivery or postpartum may have 
commercial value. 

Antioxidant compounds of the present invention include cysteine, glutathione, N-acetylcysteine, 
L-alpha-acetamido-beta mercaptopropionic acid, S-nitroso-gutathione, N-acetyl-3-mercapto-alanine, 
butylated hydroxyanisole, butylated hydroxytoluene, L-2-oxothiazolidine-4-carboxylate, vitamin C 
(ascorbate) and vitamin E (tocopherol). These may be used alone and in combination with each other 
and/or with desferoxamine, allopurinol, superoxide dismutase and superoxide dismutase mimetics such 
as salen-manganese complexes (see US Pat. 6,046,188). Spin trapping compounds that can be used as 
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ROS scavengers include nitrones (e.g., phenyl-butyl nitrone, trimethoxyphenyl-butyl nitrone), nitroxides 
and salicylates. 

Spin trapping compounds combined withMRI can be used as a noninvasive method to detect free 
radical damage to the fetus or maternal reproductive tissues during pregnancy. 

Materials and methods: 

Tissues: Full thickness amniochorionic membranes were collected from seven patients without 
complications of pregnancy undergoing elective C-section at term. The fragment collected was selected 
from a region at least 10 cm away from the placenta. Immediately after collection, membranes were 
placed in minimum essential medium (MEM) (Gibco, Grand Island, NY) on ice. Tissue samples were 
then cut under sterile conditions with a scalpel blade into smaller pieces of similar size. Over the next 
30 min., the pieces of membranes were rinsed thoroughly with several changes of MEM and then sterile 
phosphate buffered saline (PBS) pH=7.8. Preweighed amounts of tissue (approximately 500 mg) 
consisting of several pieces selected at random were placed in a C0 2 incubator with a humidified chamber 
at 37 °C for 24 hours. Incubations were carried out in a total volume of 2 ml buffer. Both wet weight 
and dry weight of tissue pieces were determined after incubation and after drying overnight at 60 °C, 
respectively. After incubation the culture-conditioned medium was collected, briefly spun at 1000 g to 
remove cellular debris and loaded directly on gelatin gels. The concentration of protein in the aliquots 
of medium was measured with a BCA kit (Pierce, Rockford, IL). 

Drugs and incubations: Incubations were performed in the presence of xanthine (X: 2mM), 
xanthine oxidase (XO: 20mU/ml), the combination xanthine+xanthine oxidase (X/XO), superoxide 
dismutase (SOD: 500U/ml), X/XO/SOD, nitro-L-arginine (a nonspecific nitric oxide synthase inhibitor, 
LNA: ImM), X/XO/LNA, S-nitroso-N-acetyl penicillamine (a nitric oxide donor, SNAP lOmM), 
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X/XO/SNAP, N-acetyl cysteine (NAC: 0.1, 1, lOmM), lipopolysaccharide (LPS lOOng/ml). All 
chemicals were purchased from Sigma (St. Louis, MO) unless otherwise specified. 

Extracellular superoxide anion generation: 0 2 " was generated enzymatically from the reaction 
between 2mM xanthine (X) and 20mU/ml xanthine oxidase (XO), as described by McCord and Fridovich 
(1969). Though these amounts are larger than those routinely used for in vitro generation of 0 2 " in cell- 
free experiments, we have based our decision on the presence of both XO and SOD in fetal membranes 
(Telfer et al., 1997) and on our assumption that the expression of these enzymes will change the 
efficiency of the X/XO reaction. As a result we monitored the efficiency of the X/XO reaction in our 
experimental setting by a cytochrome c assay, both in tissue-free conditions as well as in the presence of 
the tissue (Babior et al., 1973). The reduction of ferri- to ferro-cytochrome c is a process highly selective 
for extracellular 0 2 " and associated with a change in absorbance at 550 nm within 1 5 min. As proof for 
the specificity of the reaction, SOD (500 U/ml) completely inhibited the change in absorbance at 5 50 nm. 

Intracellular superoxide anion generation: Pieces of fetal membranes were immersed in Krebs 
bicarbonate buffer (118 mM NaCl, 4.7 mM KC1, 1.18 mM MgS0 4 , 1.18 mM KH 2 P0 4 , 11.1 mM D- 
glucose, 0.016 mM EDTA, 2.2 mM CaCl 2 , 15.8 mM NaHC0 3 , pH=7.35-7.4) containing lmg/ml 
nitroblue tetrazolium (NBT), for 1 80 min. in the C0 2 incubator with humidified chamber at 37 °C. The 
soluble yellow form of NBT is reduced by 0/ generated within the tissue to form an insoluble precipitate 
of blue-purple formazan. After incubation, the fetal membranes were washed in saline, photographed, 
placed in 4% formaldehyde and kept overnight in a refrigerator. Specimens were then embedded in OCT 
Tissue Tek embedding medium (Fisher Scientific, Pittsburgh, PA) and frozen in liquid nitrogen. The 
frozen specimens were cut by cryostat into 20 p.m sections, mounted onto electrostatically treated-glass 
slides (Fisherbrand Superfrost Plus, Fisher Scientific) and counterstained with Neutral Red. They were 
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immediately investigated by light microscopy using aNikon Eclipse E1000M microscope connected to 
an MTI DC330 3 CCD Color Camera (Dage MTI Inc., Michigan City, MI). 

SDS-Substrate gel electrophoresis (zymography): For detection of MMPs, equal volumes (1 5 ul) 
of conditioned medium (containing the activated MMPs) were mixed in a 1:3 ratio with substrate gel 
buffer ( 1 0% SDS, 4% sucrose, 0.25M Tris-HCl, pH=6. 8 and 0. 1 % bromphenol blue) and loaded directly 
onto gels without boiling (Rajagopalan et al., 1996 with modifications). Briefly, type I gelatin was added 
to a standard Laemmli 10% acrylamide polymerization mixture at a final concentration of lmg/ml. 
Following electrophoresis, the proteins in the gel were renatured by exchanging SDS with Triton X-l 00 
and the gels were incubated overnight at 37° C in 50mM TRIS-HC1, pH=7.4 containing lOmM CaCl 2 
and 0.05% Brij 35. At the end of the incubation, the gels were stained with 0.5% Coomassie Blue R-250 
(Bio-Rad, Hercules, CA) in 40% methanol/ 1 0% acetic acid, then destained in 40% methanol/ 1 0% acetic 
acid for 1 h. Proteins having gelatinolytic activity appeared as discrete translucent areas of lytic activity 
on an otherwise blue gel. When the gels are incubated in parallel with 0.01M EDTA, disappearance of 
lytic bands confirms the metal dependence of MMP activity. Migration of proteins was compared with 
that of prestained broad molecular weight markers (Bio-Rad). Further, 10 ng/lane of zymography 
standards (recombinant MMP-2/MMP-9, Calbiochem, La Jolla, CA) were run along with the samples. 
In order to quantify the gelatinolytic activity of MMPs, the wet gel was scanned on a GS-670 Image 
Densitometer (Bio-Rad), and analyzed using Multianalyst vl.l volume quantification system software 
(Bio-Rad). After image inversion and background subtraction, the amount of lytic activity (which now 
appears as a black band on a white background) is estimated as optical density over the area of the band 
(ODxmm 2 ). These values were normalized against the dry weight of the tissue incubated, and further 
normalized against the value from the lane where the tissue was incubated in PBS alone on the same gel. 
To evaluate the reliability of the image analysis system, differing amounts of zymography standard (5, 
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10, 20 ng/lane) were loaded onto one gel and MMP-2 (72 kDa) and MMP-9 (92 kDa) activities quantified 
separately. The correlation coefficient between MMP concentration as quantified by substrate gel 
analysis and the amount of protein loaded approached 1 . To evaluate the reliability of the normalization, 
differing amounts of amnio-chorionic tissue (100, 250, 500, 750 mg) were incubated and MMP-2 and 
MMP-9 activities plotted against the dry weight of the tissue. The correlation coefficient was 0.98. 

Statistical analysis: The results are presented as mean +1 SEM of the percent activity from the 
lane incubated in PBS (CRL) from the same patient and run in the same substrate gel electrophoresis. 
Multiple comparisons between groups were performed using one-way analysis of variance (ANOVA) 
followed by multiple post-hoc Tukey tests. A p value O.05 was considered as the limit for statistical 
significance. 

Results: 

MMP levels in human term amnio-chorionic membranes in the absence and presence of REDOX 
balance modulators: MMP-9 and MMP-2 corresponding to the 92 and 72kDa lytic bands, respectively, 
were detected in all tissues, at least after culture conditions (Figure 1A). In some of the patients, an 
additional band corresponding to proMMP-9 was observed. There was a large variability in the intensity 
of the lytic bands among the seven patients justifying the need for the normalization described in the 
Methods section. 0 2 ~ generated by the X/XO reaction induced a nonsignificant increase in the total 
amount of protein released in the conditioned medium also justifying the need for a normalization against 
the dry weight of the tissue rather than against the protein concentration in the medium. The efficiency 
of the X/XO reaction was confirmed for each experiment by cytochrome c reduction assay. 

As illustrated in Figure 1 A incubation with X/XO significantly increased MMP-9 concentration. 
This increase was reversed by simultaneous addition of SOD. A small increase in MMP-9 was observed 
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in some of the patients with xanthine alone probably reflecting endogenous XO activity. Incubation with 
lOmMNAC dramatically reduced both MMP-2 and MMP-9 activities to 20% of the levels from the CRL 
tissue NAC also prevented the increase in MMP-9 induced by X/XO (not shown). Neither NO synthase 
inhibition, nor the NO donor SNAP had any significant effect on fetal membrane MMP activity (nor 
shown). Figure 2A illustrates the gelatinolytic activity in fetal membranes in the presence or absence of 
LPS . Zymographically, we did not observe a significant increase in MMP concentration after LPS alone. 
However, NAC (lOmM) dramatically inhibited MMP-2 and MMP-9 both in the presence and absence 
of LPS. 

Intracellular generation qfOj in fetal membranes: When exposed to NBT over the 3 hour 
incubation period, there was spontaneous formation of formazan as shown macroscopically in Figure 3 A. 
Exposure to the X/XO reaction produced both intracellular (intense purple discoloration of the tissue 
which is as a darkened area in Figure 3 A) and extracellular formazan formation (discoloration of the 
incubation medium). The addition of SOD inhibited completely the extracellular and only partially the 
intracellular formazan formation. NAC (lOmM) completely abolished formazan formation in the 
incubated tissue. When examined by light microscopy, the deposits of formazan induced by X/XO were 
localizedmainly within chorionlaeve, deciduaand amniotic epithelium. Scattered deposits were also seen 
in the connective tissue layer between amnion and chorion. In CRL tissues, discrete deposits were 
localized in the chorion, decidua as well as in large areas of the amniotic epithelium (Figure 3B). In 
tissues exposed to NAC there were no formazan deposits indicating a complete inhibition of intracellular 
0 2 ~ formation. 
Conclusion 

These experiments demonstrate that (i) MMP-9 levels in human fetal membranes are directly 
increased by superoxide anion, (ii) the glutathione precursor N-acetyl-cysteine (NAC) dramatically 
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inhibits amnio-chorionic matrix metalloprotease activity in addition to inhibiting intrinsic superoxide 
generation within the tissue. It is, however, possible that the effect of NAC on MMP activity to extend 
beyond inhibition of ROS-induced effects since treatment with NAC inactivated parallel MMP-2 along 
with MMP-9. Moreover, the ability of NAC to inhibit MMP activity becomes more valuable as it 
involves total gelatinolytic activity examined by zymography (the resultant of MMP release, MMP 
activation and MMP/TIMP interaction). 

Together, these findings suggest that the overall reduction/oxidation status of the local 
environment may be an important modulator of MMP levels. An increase in the oxidative state could 
enhance extracellular matrix degradation. Conversely, any thiol-reducing agent (NAC being just one 
example) could act as inhibitors of MMP activation within fetal membranes and thus may prevent 
premature rupture of membranes secondary to inflammation or other conditions associated with high 
ROS production. 



h) Effect of ROS modulation in vivo 
Materials and Methods: 

Animals and treatments: C57B16 inbred mice were housed together with CD57/BL6 males 
under regular light and dark cycles, with stable ambient temperature conditions. The next morning 
the females were examined for the presence of a vaginal plug. The day of detection of the vaginal 
plug was designated as day 0. On day 16 of pregnancy the pregnant mice were injected i.p. with 
either lOug lipopolysaccharide (LPS: from E Coli 01 1 1 .:B4 from Calbiochem) or saline (controls). 
N- Acetylcysteine lg/kg (NAC: which is a membrane permeable GSH precursor, Sigma, St. Louis 
MO and direct antioxidant) was given p.o. by gavage 30 min before and 2 h after the LPS injection. 
NAC was diluted in phosphate buffered saline (PBS). After 12 hours the animals were inspected 
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hourly for signs of parturition (posture, bleeding). The time between LPS injection and delivery of 
the first pup was defined as latency. Fetal viability at birth was recorded after tactile stimulation of 
the pup. To separate between the effect of prematurity on the fetus and the in utero consequence of 
endotoxin administration on the fetus, animals were sacrificed at 3, 6 and 16 hours after endotoxin 
injection in a separate set of experiments. 

Placental extracellular superoxide production: Placental extracellular superoxide production 
was determined by the SOD-inhibitable reduction of nitroblue tetrazolium. Briefly, after sacrifice 
duplicate placentas where incubated each in 1ml lmg/ml nitroblue tetrazolium (NBT) diluted in 
PBS, for lh. in a C0 2 incubator with humidified chamber at 37 °C. The soluble yellow form of NBT 
is reduced by 0 2 " generated within the tissue to form an insoluble precipitate of blue-purple 
formazan that discolorates the tissue. Extracellular 0 2 " produces a discoloration of the incubation 
medium. The incubation was performed in the presence and absence of SOD. The difference in 
absorbance at 65 5nm normalizedby the dry weight of placenta between the average of the duplicates 
in the presence and absence of SOD represents the SOD-inhibitable 0 2 " production and was 
expressed in normalized arbitrary units. 

Measurement of total glutathione: Glutathione content was measured in maternal and fetal 
livers of animals treated with and without NAC and sacrificed at 3, 6 and 16 hours after LPS 
injection. Fetal livers were pooled from all fetuses of each pregnant animal, snap frozen in liquid 
nitrogen and stored at -80C until assayed. Briefly, the frozen tissue was rapidly homogenized in 
7.5% trichloroacetic acid in a ratio of 1:20 (w/v). The homogenate was centrifuged at 3000g for 
1 Omin at 4C. Total glutathione content was assayed in the supernatant by a colorimetric reaction that 
involves the formation of a chromophoric thione (Bioxytech GSH-420, Oxis Health Products, 
Portland, OR) and was expressed in u-g/ml by using oxidized glutathione standards and further 
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normalized by the total protein content of the pellet. The protein pellet was solubilized in 0.1N 
NaOH and its protein content was estimated using a BCA protein assay kit (Pierce, Rockford, IL). 
Results: 

Effects ofN-acetylcysteine on the timing of birth: Animals given two doses of lmg/kg NAC 
per os, lh before and 2h after LPS, had a latency period of 35.13±6.41 h (n=12). Animals given 
NAC alone delivered at 67.7U5.8 h (n=7) compared to the saline injection (Figure 4A). However, 
in our experiments there were also CRL animals that delivered earlier. This is consistent with 
observations made by other authors when using this inbred stain of mice (Swaisgood et al., 1997). 
Though the Kaplan-Maier survival analysis of cumulative birth rates did not reveal a significant 
NAC effect, the number of animals in each group was too small to exclude a type I error. However, 
the addition of NAC shifted latency from a statistically significant decrease with LPS alone to a 
value no longer different from either CRL or LPS animals (Figure 4B). 

Effects ofN-acetylcysteine on fetal outcome: The mother cannibalizes the stillborn pups and 
covers the live born with her body. Some of the animals given NAC with LPS delivered live and 
stillborn pups. There were no statistically significant differences in litter sizes (number of pups/dam) 
among the four groups. The percent of pups born alive versus stillborn is presented in Figures 5A 
and 5B. It illustrates the statistically significant increase in the proportion of pups born alive in mice 
given NAC before and after LPS. To discriminate between a direct effect of LPS on the fetus and 
the indirect effects of prematurity, and to identify the time frame when fetal death occurred, we 
repeated the experiment sacrificing the animals at 3, 6 and 16 hours after LPS. No mouse delivered 
prematurely, or had signs of labor (vaginal bleeding) at these times. All fetuses were alive in utero 
at 3 and 6 h. By 16 h after LPS, 63% of the fetuses were dead in the LPS group compared to 37% 
in the group that received LPS plus NAC (p=0.006). These results strongly suggest that death occurs 
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in utero and is the result of inflammation, not prematurity. Labor itself may further kill some 
compromised fetuses as in the LPS group since the vaginal stillbirth rate was 100%. This agrees 
with Sastre et al, (1994) who suggested that birth is an oxidative stress for the fetus, increasing by 
11 fold hepatic GSSG in neonatal rats and that this redox alteration induced by birth per se was 
prevented by the maternal administration of NAC. These results suggest that NAC improves fetal 
outcome in a murine model of preterm birth and fetal demise induced by inflammation. 

Effect of NAC on placental superoxide production: There was a 2.7 fold increase in 
extracellular 0 2 production in placentas from LPS-injected animals at 3 hours. This increase was 
not seen in animals that had also received NAC. At 16 hours after LPS, placentas from all three 
groups produced a similar amount of formazan in the medium. 

These results suggest that NAC acts as a free radical scavenger at the level of the placenta 
in a murine model of preterm birth and fetal demise induced by inflammation. 

Effect of LPS and NAC supplementation on total glutathione content: Hepatic glutathione 
was measured to test the efficacy of p.o. NAC. There were no statistically significant differences in 
maternal or fetal liver GSH among groups 3h after LPS. At 16h (Figure 6A), livers from pregnant 
mice that received LPS had significantly lower GSH compared to saline-CRL. NAC prevented the 
decrease in GSH of LPS-treated animals. There was, however, a high degree of variability in the 
NAC+LPS group. Of great potential importance, GSH content was lower in the livers of fetuses in 
mice injected with LPS (Figure 6B). NAC elevated GSH content in fetal livers to values not different 
from either CRL or LPS. This strongly suggests that maternal treatment with NAC may have a 
beneficial effect on the fetal oxidative state. Co-administration of NAC prevented maternal liver 
glutathione depletion, though the bioavailability of NAC administered per os seems variable. We 
have further observed that fetal death was more likely if the maternal hepatic GSH was low (Figure 
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6C). These results suggest that maternal administration of endotoxin, which results in an occult 
inflammatory process within the mother, induces increased glutathione consumption in the fetus. 
Co-administration of NAC was able to prevent maternal liver glutathione depletion during systemic 
inflammation. 

Conclusion 

NAC, a membrane permeable glutathione precursor and direct antioxidant significantly 
increases fetal survival in an animal model of preterm birth and fetal demise induced by 
inflammation. Although NAC likely delays the onset of preterm birth in this model and thus alters 
the duration of gestation. The protective effects of NAC on the fetus are independent of prematurity. 
These beneficial effects may be related to the decrease in free radical production in the placenta in 
response to endotoxin. In addition, adverse fetal outcome is strongly associated with an 
inflammatory state of the mother even in the absence of any general signs of maternal infection and 
inflammation. Furthermore, the inflammatory state of the mother may result in a shift in the redox 
balance with glutathione depletion in the fetus. 

To date there are no therapeutical agents that target free radical production in the fetus either 
directly or transplacentally through the pregnant mother because the pathophysiological connection 
between free radicals, preterm birth and perinatal outcome is only now being elucidated. The 
findings of the present invention are unique. Glutathione or other compounds that scavenge reactive 
oxygen species significantly improve fetal outcome when administered in amurine model of preterm 
birth with intrauterine fetal demise. Although the timing of gestation with NAC was not 
significantly altered, NAC inhibits matrix metalloprotease activity in human fetal membranes. 
Activation of MMP-9 is followed by crucial catabolic processes that occur in human amniochorionic 
membranes during PPROM. 
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Free radical trapping compounds, (thiols and other chemical classes), anti-oxidants, 
glutathiones, and similar compounds appear to have beneficial effects for the treatment and 
prevention of fetal complications leading to neonatal handicaps secondary to inflammation that also 
causes preterm parturition. Precursors to free radical trapping compounds also have this beneficial 
effect. Agents that stimulate the production of endogenous free radical trapping compounds also 
have this beneficial effect. 

It has been suggested by others that one of the mechanisms by which ROS act are as 
messenger molecules in mammalian cells through the activation of transcription factors such as the 
nuclear factor kappabeta (NFkB) or activator protein 1 (AP-1). NFkB consists of two subunits p65 
and p50 and usually exists as a molecular complex with the inhibitory protein IkB in the cytosol 
(Baeuerle and Baltimore, 1988). Upon stimulation with proinflammatory cytokines, IkB is 
dissociated and NFkB is translocated to the nucleus were it activates expression of target genes. 
H 2 0 2 , for example, can induce early gene expression of cytokines (Los et al, 1995). Pretreatment 
of cells with antioxidants such as NAC efficiently inhibited both cytokine-inducedNFKB activation 
cascade (Khachigian et al., 1997) and induction of AP-1 (Bergelson et al.,1994). In addition, both 
tyrosine kinase-mediated NFkB and c-Jun/AP-1 activation were proven to be essential to the 
induction of MMP-9 by cytokines (Yokoo and Kitamura, 1997). Thus, compounds which inhibit 
NFkB may have the same therapeutic effect as ROS inhibitors and are included under our claims. 

The Transplacental Passage of Spin Trapping Compounds 

In addition, some of the compounds described herein for detecting and scavenging FR (spin 
traps) have been evaluated recently in conjunction with a new non-invasive imaging technique - 3 IP 
NMR spin trapping by MRI (Fuji et al., 1999; Khramtsov et al, 1999). The present application 
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describes evidence that in utero generation of FR is a cause of fetal damage and contribute to the 
development of preterm labor. We may expect to provide compounds (spin traps) that not only limit 
but also detect detrimental processes affecting the mother and child. A prerequisite for such a 

compound is the ability to trap FR in the fetus. 

We have experimentally investigated the transplacental passage of spin trapping compounds. 
Methodology: C57B16 mice were injected ip with 4 mmols/kg POBN [a-(4-pyridyl-l-oxide-N-t- 
butylnitrone)] on day 16 of pregnancy. Animals were sacrificed at different times after injection, 
2-5 fetuses collected and lipids extracted as described by Brackett et al., 1989. Electron 
paramagnetic spectra were obtained in a Varian EPR spectrometer equipped with an X-band 
microwave bridge with center field set at 3376 Gauss and modulation frequency at 100 Hz. The 
extracts were examined before and after in vitro addition of a hydroxyl radical generating Fenton 
mixture (Fe 2+ + H 2 0 2 ). 

Results: Fig. 7A represents EPR spectra of the POBN-hydroxyl radical spin adducts trapped in the 
maternal liver at lh after intraperitoneal administration of POBN. Fig 7B and 7C illustrated the 
POBN-hydroxyl radical spin adducts trapped by the amount of POBN that accumulated in the fetus 
within lhor6haftermaternali.p. administration of POBN. There is an additional 10-fold difference 
in the magnitude of the signal between Fig 5C and A or B (Receiver gain for Figs 5 A and B is 2x1 0 5 
and for Fig 5C is 2x1 0 4 ). These results indicate that FR may be trapped and detected in the fetus 
after maternal administration of spin trapping compounds. Transplacental passage of such 
compounds has not been explored before. Planned improvements include the further synthesis of 
specific spin traps that can be detected noninvasively by MRI imaging. Such compounds will have 
application not only to prevent FR damage to the fetus but also to detect in utero formation of 
specific FR which can induce damage to the fetus or lead to preterm labor. These findings have 
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great clinical potential. MRI is often performed for the imaging of fetal abnormalities and is believed 
safe. We believe that the application of spin traps which can be administered to the mother and cross 
the placenta will permit in vivo quantification of FR production in both the healthy and the at risk 
fetus. The technology that will enable this examination already exists. Thus, treatment could be 
accurately initiated prior to the development of irreversible complications. 

Changes may be made in the construction and the operation of various components, elements 
and assemblies described herein or in the steps or the sequence of steps of the methods described 
herein without departing from the spirit and scope of the invention as defined in the following 
claims. 
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